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STDDT  01  STIGB  OP  CBMTBIPOGAL  COHPSBSSOR  IITH  AIR  TORBTME 


Assistant  B.  A.  Tanson 

(Article  presented  by  Doctor  of  Technical  Sciences  T.  Y.  dTarov, 
Professor  at  Noscow  Higher  Technical  School  in.  B.  E.  Baunan) 


ABSTRACT  Dissnssed  briefly  in  this  article  is  the  schese  of  a 

centrifugal  cosprassor  with  an  air  turbine,  which  replaces  the  bladed 
diffuser.  A brief  description  is  giwen  of  the  experiaental  device  and 
the  ezperisental  characteristics  of  this  stage.  Investigated  is  the 
probles  of  optisising  paraseters  in  the  given  cospressor.  BHD 
ABSTRACT 
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To  achieve  the  coapression  process  in  a gas-turbine  engine  (GTE) 
in  the  case  where  relatively  snail  volunatric  air  flows  pass  through 
it,  a centrifugal  conpressor  is  generally  used,  whose  efficiency 
seldon  exceeds  0.8.  This  value  can  be  sonewhat  increased  and  a nuaber 
of  new  GTE  properties  obtained  when  a centrifugal  conpressor  with  an 
air  turbine  is  used  in  place  of  the  bladed  diffuser.  Such  a 
conpressor  (henceforth  it  will  be  called  a turbine  conpressor)  was 
first  proposed  by  Professor  7.  T.  Ovarov* 

fPOOTIOTE;  Inventor's  certificate  No.  27155,  class  27.9,  7 narch 
1931.  BID  POOTIOTB  ] 

Osually  the  turbine  conpressor  stage  has  a configuration  close 
to  that  shown  in  fig.  1.  The  bladed  diffuser,  which  is  rigidly 
connected  to  the  housing,  is  replaced  by  a centrifugal  radial  air 
tnrbine  nounted  on  independent  bearings  and  rotating  in  the  sane 
direction  as  the  inpeller.  Thus,  the  centrifugal  wheel  is  located 
lanide  the  drna  rotor  of  the  turbine.  Air  passes  through  inlet  stator 
1,  rotating  inlet  blade  row  2,  aiisynnetrical  bend  3,  inpeller  4,  and 
then  slotted  diffuser  5.  As  it  passes  through  the  channels  of  air 
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turbine  6,  the  energy  of  the  air,  which  is  prinarily  speed  energy,  is 
transforned  into  nechanical  work.  Through  the  rotating  inlet  blade 
row  this  power  is  transnitted  to  the  rotor  and  then  to  the  consuaer. 
Thus,  the  work  which  is  transnitted  to  the  rotor  is  spent  on 
conpression  of  the  air  and  rotation  of  the  shaft  of  the  air  turbine. 
This  neans  that  in  a gas-turbine  engine  with  a turbine  conpressor  the 
power  turbine  is  nowed  from  the  gas  portion  of  the  tract  to  the  air 
portion  and  the  turbine  compressor  represents  a kind  of  pneuaatic 
reducer,  since  the  nnnber  of  revolutions  of  the  air  turbine  is 
usually  about  one  third  the  nunber  of  revolutions  of  the  :;entrifugal 
wheel.  The  presence  of  a rotating  housing  around  the  inpeller  and  the 
rotation  of  the  walls  of  the  slotted  diffuser  increases  the 
efficiency  of  the  coapression  process  in  these  parts. 

The  probles  of  coapression  for  snail  volunes  of  air  arises  also 
in  high-powered  gas-turbine  installations  (200  thousand  kl  or  above) 
in  the  last  high-pressure  conpressor.  In  this  case  the  so  called 
axial  turbine  conpressor  [1]  can  be  used.  It  is  a two-stage 
conpressor:  The  first  stage  is  the  axial  conpressor,  the  second  - the 
tnrbine.  The  consuaer  of  all  of  the  power  of  the  air  turbine  in  this 
case  is  the  axial  conpressor,  whose  conpressed  air  goes  to  the 
turbine  conpressor. 

The  turbine  conpressor  has  recently  been  studied  in  Departnent 
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E-3  at  RTTU  [Highar  Technical  School  la.  M.  B.  Bauaan],  Bor  this 
purpose  a special  stand  consisting  of  a drive  (internal  coabustion 
engine),  tvo  boosters,  a experiaental  turbine  coapressor,  a hydraulic 
brake  to  absorb  the  power  of  the  air  turbine,  aaintenance  systeas, 
aeasuring  systeas,  and  a control  panel,  was  designed,  built,  and 
installed. 

The  aost  coaplete  results  were  obtained  in  testing  a coapressor 
designed  for  an  air  flow  rate  of  1.1  kg/s.  The  coapressor  had  a 
cantilever  arrangeaent  of  the  rotors  of  the  iapeller  and  turbine.  The 
inlet  stator  consisted  of  a circular  cascade  of  36  sheet*type  vanes, 
whose  inlet  sections  could  be  turned  for  the  purpose  of  aeasuring  the 
twist  in  the  flow  in  front  of  the  iapeller.  The  rotating  inlet  blade 
row  was  aade  in  the  fora  of  12  cylindrical  cross  bars  aeasuring  7 an 
in  diaaeter  to  siaplify  analysis  of  its  losses  in  variable  aodes.  The 
iapeller  had  24  radial  blades;  diaaeter  ratio  Dt/D^  vas  0.57  for  an 
outer  diaaeter  of  = 293  aa.  The  slotted  diffuser  and  the  air 
turbine  had  a constant  width  of  17.2  aa.  The  diaaeter  ratio  Ox/Dj  = 

C«  * 0.9,  while  O4/DJ  « £4  s 1.1.  The  channels  of  the  air  turbine 
were  slightly  convergent.  The  aeasuring  sections  in  the  flow-through 
pact  were  located  in  front  of  the  inlet  stator  and  in  the  slotted 
diffnaoc  behind  the  air  turbines. 


The  stand  systeas  were  designed  for  aeasuring  the  necessary 
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paraaeters.  The  air  flow  Gg  through  the  inlet  section  of  the 
coapressor  on  (Fi).  1)  was  aeasured  by  aeans  of  a standard  aeter 
ring.  To  deteraine  the  flow  of  air  G|  pe^tsing  through  the  iapeller  a 
correction  (of  about  3-4o/o)  for  leakage  of  air  through  labyrinths  L| 
and  (Fig.  1)  was  introduced.  Pressure  was  aeasured  by  aeans  of 
▼ents  and  coabs  (including  those  which  could  be  rotated  by  reaote 
ntrol)  and  reaiings  were  issued  on  group  recording  aanoaeters.  The 
perature  was  established  by  chroael-copel  theraocouples.  Readings 
were  issued  on  an  electronic  recording  potent ioaeter.  The  nuaber  of 
revolutions  was  deterained  by  standard  ferroaagnetic  stand 

I 

tachoaeters.  The  torque  transaitted  to  the  rotor  of  the  iapeller  was 
j aeasured  by  a reducer-balancer,  friction  losses  in  which  were 

L considered  by  calibration,  while  the  torque  on  the  turbine  rotor  was 

I 

aeasnred  by  a hydrodynaaoaeter  and  the  housing  of  the  hydroaotor. 
Friction  losses  in  the  bearings  were  deterained  by  a special  systea 
through  heat  transfer  to  the  oil.  To  obtain  stable  results  no  less 

I 

than  four  aeasureaents  were  taken  in  each  aode. 


Froa  the  results  of  the  aeasureaents  the  sun  of  paraaeters 
describing  the  stage  were  calculated: 

total  pressure  ratio  w/  — 

/># 

adiabatic  work  of  coapressiaa  — J^^**^*I  *“*)* 
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p*MC  ooB4acted  to  iapeller  and  spent  on  cospression  of  air  in  it 


power  developed  on  rin  of  air  turbine  N'Jni 


power  spent  on  conpression  of  air  in  the  stage,  - Kl  ~Ko 


coefficient  of  power  transfer  X' 


efficiency  of  stage 

All  quantities  were  reduced  to  noreal  ataospheric  conditions. 

The  coapreseec  chececteristics  were  recorded  on  the  following 

iapeller  revolntioes  «.,*  17,400  r/eia  eith  relative 

- «» 

revolutions  of  the  eic  terbiee  of  -0;  0,2;  0,3;  0,4;  0,45, 


Figure  2 shows  the  partial  results  of  tests  for  a constant 
nuaber  of  lepellec  reeoietions  and  for  constant  relative  revolutions 
of  the  turbiM  Oe  fint  see  that  for  the  calculated  air  flow  rate 
tie  •— ffieieot  of  the  etiabatic  pressure  head  of  the  stage 
Mu’>O,4S-i-0,fit*  fbo  ioorease  in  this  quantity  as  conpared  to  its  value  in 
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a standard  centrifugal  coapressor  stage  results  fro*  the  fact  that 
net  all  of  the  power  conducted  through  th«  iapallar  went  to  the 
conpression  of  air.  The  fraction  of  po**r  X transaitted  to  the  shaft 
of  the  air  turbine,  as  we  see  in  Fig.  2,  is  greatly  dependent  on  the 
■ode,  and  in  the  region  of  laxiaal  efficiency  of  the  stage 
constitutes  about  a third  of  the  power  conducted  to  the  iapeller. 

When  the  air  turbine  is  damped,  the  coefficient  of  the  adiabatic 
pressure  head  rises  substantially.  Here  there  is  a siaultaneous 
increase  in  the  torque  on  the  turbine  shaft  (aore  than  twofold,  as 
shown  by  the  ezperiaent).  As  the  nuaber  of  revolutions  of  the  air 
turbine  grows,  all  of  the  characteristics  shifted  toward  lower  air 
flow  rates.  The  aaxiaal  afflciancy  for  the  given  iapeller  revolutions 
for  relative  revolntioaa  n=^0,A  0.82.  For  lower  nuabers  of 

iapeller  revolutions  an  efficiency  of  0.84  was  reached.  The  sharp 
drop  in  the  intensity  of  surging  pulsations  in  the  rotation  of 
turbine  should  also  be  noted  along  with  the  fact  that  the  ratio  of 
the  aaxiaal  flow  through  the  coapressor  to  the  flow  corresponding  to 
the  beginning  of  surging  pulsations  increased  fcoa  1.7  to  2.7  as  the 
nuaber  of  turbine  revolutions  increased  free  n-0  to  0.3  for  constant 
nuabers  of  iapeller  revolutions  la  ■ 14,000  r/eia. 

Theoretical  analysis  aakes  it  possible  to  establish  the 
existence  of  an  optinal  interrelationship  between  the  design  and 
gasdynaaic  paraaekers  for  an  isolated  turbine  coapressor  stage.  For 
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this  purpose  a asthod  of  calculating  the  stage  was  developed  on  the 
basis  of  [ 2 ] with  careful  differentiation  r>f  losses  and  various  types 
of  friction  work  [3].  This  was  based  on  existing  experinental 
Material  obtained  froi  studying  the  parts  of  centrifugal  coapressors 
and  inpulse  turbines.  Calculations  were  conducted  on  the  ''Pral-2" 
digital  conputer.  The  stage  geonetry  was  assuned  *o  be  that  of  Fig. 

1,  the  inpeller  blades  - radial,  the  channels  of  the  air  turbine  - 
slightly  convergent,  and  the  intake  paraneters  - atmospheric. 

As  an  exanpla  Fig.  3 shows  some  calculation  results  for  the 

following  fixed  qnantitiaa:  diaaeter  ratio  Di/Dg  = 0.65,  ratio  of 

nunber  of  revolutloaa  n = 0.3,  coafficient  of  flow  rate  at  wheel 

inlatc,c^=  g — “0,3,  ratio  of  wolocity  circulations  at  inlet  and  outlet 
^ D c 

froa  akaal  — parlpheral  velocity  on  outer  dianeter  of 
wheel  Ux  * 350  n/s.  In  particular  these  curves  enable  us  to  establish 
the  optiaal  angle  at  which  the  flow  energes  froi  the  channels  of  the 
wheel  (inpeller)  in  absolute  notion  for  a fisad  quantity  of  work 
taken  fron  the  shaft  of  the  air  turkiao  L,,  — — yr-.  It  should  be  noted 
tkat  tka  piassnra  ratio  in  the  stafa  for  a fixad  quantity  of  work 
L.,  ekaaqaa  only  slightly  with  a change  in  a2 , while  the  angle  at 
which  the  flow  energes  fron  the  channels  of  the  gas  turbine  in 
absolute  notion  changes  substantially.  In  order  to  achieve  a 
Ckdlal  iiaekarge  of  the  flow  fron  the  turbine,  each  value  of  the  work 
I,T  rafairaa  its  own  radial  length  of  slotted  diffuser  Ct. 
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When  we  aowe  to  higher  welocities  Us  the  general  nature  of  the 
curve  reaalns  as  before,  although  the  aaxiaally  attainable  efficiency 
level  of  the  stage  drops.  When  the  ratio  of  the  nuaber  of 
revolntloBS  n is  shanged  in  a range  of  froa  0.2  to  0.4,  we  observe  a 
continuous,  although  slow,  rise  in  efficiency,  which  is  also 
illustrated  by  Fig.  3.  Thus,  the  optiaal  ratio  of  revolutions  n foend 
froa  the  condition  of  aaxiaal  efficieacy  of  the  entire  coapressor 
does  not  coincide  with  the  optiaal  rstlo  n foend  froa  the  condition 
of  aaxiaua  efficiency  of  the  air  turbine  [3].  The  latter  is  as  a rule 
greater  than  the  foraer  (0.25-0.35).  Here  we  should  aention  that  in 
the  given  calculations  the  ratio  of  the  height  of  the  blade  of  the 
air  turbine  to  its  cord  was  assuaed  egual  to  1.2,  and  thus  a 
different  radial  length  was  obtained  for  the  ria  of  the  turbine. 

By  using  such  curves  a designer  can  select  the  best  paraaeters 
for  calculating  the  stngo  nith  tho  guantities  nssigned  to  hia: 
pressnss  rntio  in  stags  work  on  turbine  shaft  f.,,  stage 
effictsncf  wl,,  sir  flss  6q  (or  flow  rate  coeffidsnt  ?.cp,  if  the 
wheel  fsosetry  and  velocity  Os  are  fixed)  . 

Conclusion 
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1.  In  the  case  where  relatively  saall  volaaetric  air  flows  pass 
through  a gas  turbine  engine  (1-2  kg/s) , the  centrifugal  coapressor 
is  replaced  by  a turbine  coapressor,  thus  assuring  a nuaber  of  new 
properties  for  the  engine  as  a whole  for  a coapression  process 
efficiency  of  0.80-0.82. 


2.  The  tests  which  were  conducted  on  the  turbine  coapressor 
stage  showed  that  when  the  flow  rate  of  air  was  about  1 kg/s, 
iapeller  rewolatioas  16,000  r/ain,  and  relative  revolutions  of  air 
turbiaa  n»0,4,  afflelaacy  reached  0.82,  where  about  30o/o  of  the  power 
conducted  to  the  lapeller  was  transaitted  to  the  output  shaft  of  the 
turbine. 


3.  For  a turbine  coapressor  stage  there  exists  an  optiaal 
relationship  between  design  and  gasdynaaic  paraaeters,  which  aust  be 
considered  in  calculation. 

Article  received  2 March  1966 
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